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ELECniON' 
©Introduction 
Much of our present knowledge of the structural properties of nuclei is a 
phenomenal progress of an idea of 'atomism' in which Anaxgoras, Lecippus 
and Democritus state that all the matter in the universe is made up of a 
set of minute, indivisible particles called atom. The British physicist J. J. 
Thomson, in 1898 conceived the atom as consisting of electrons embedded in a 
spherical matrix of positive charge[l]. Later, in 1911 E. Rutherford modified 
it on the basis of large angle a-particle scattering experiment [2]. Results of 
these experiments indicated that, most of the positive charge and mass of 
the atom is concentrated in a very small central body called nucleus. The 
electrons are assumed to revolve in nearly circular orbits about the nucleus 
and make the atom electrically neutral. 
The discovery of natural radioactivity, in 1896, by Henri Becquerel led 
to contemplate the nature of the nucleus[3]. In 1919, Rutherford achieved 
the first artificial radioactivity[4, 5]. The nuclear transmutation experiments 
of Rutherford, Cock-Croft & Walton, I. Curie & Juliet and Fermi suggested 
new experimental methods to solve basic problems regarding nuclear struc-
ture, nuclear properties, nuclear forces, the determination of energy states of 
nuclei, transition probabihties etc., which opened up a vast field of study of 
nuclear reactions. 
A nuclear reaction occurs when a particular chosen nuclide is bombarded 
by a projectile of sufficient kinetic energy i.e., the energy of the incident 
ion must be at least comparable to the Coulomb barrier of the entrance 
channel. As a consequence, the initial system is transformed into final system, 
consisting of the products of the reaction i.e., light and/or heavy emitted 
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particles and residual nucleus followed by the emission of characteristic 7-
radiations. Typically, a nuclear reaction may be represented by X{a, b)Y. 
Here, a is the projectile, X is the target nucleus, Y is the residual nucleus 
and b is the emitted particle. 
The nuclear reaction may be broadly categorized as elastic and inelastic 
nuclear reactions. The elastic nuclear rection is defined to be a collision 
in which colliding particles change their direction of motion only. In above 
case, the particles in the exit channel are exactly the same as in the incident 
channel, with no change in the quantum numbers. While in case of inelastic 
nuclear reaction, one or both of the interacting partners can change their 
internal states. In a nuclear reaction, properties of entrance and exit channels 
are well defined but it is not well understood what exactly happens at the 
time of interaction of the collision partners. Since the nuclear reaction takes 
place in a very short time ?:ilO""^ °-10~^^ sec, it can not be visualised directly. 
In 1936, N. Bohr proposed the compound nucleus (CN) theory[6] to ex-
plain the nuclear reaction mechanism. In CN reaction, the projectile of suffi-
cient kinetic energy interacts with the target nucleus, leading to the formation 
of quasi-bound intermediate complex system (i.e., the bound configuration 
of target nucleus and projectile nucleus). The compound nucleus reaction 
mechanism is considered as a two stage process: the first stage is the capture 
of projectile by the target forming a composite nucleus and the second stage 
is the subsequent decay of the composite nucleus. It is further assumed that 
the total energy of the projectile is shared among all the nucleons of the com-
posite nucleus leading to the establishment of thermodynamic equihbrium. 
After a long time sufficient amount of energy may be accumulated on one 
nucleon or on a group of nucleons to escape. The basic assumption of the CN 
theory is that the lapse time between formation of the composite nucleus and 
its decay is too large(^ 10~^^sec), and no trace is left to decide its mode of 
formation. In 1950, Ghoshal[7] experimentally verified the vaUdity of Bohr's 
independent hypothesis. A pictorial representation of the CN formation and 
decay is shown in Fig. 1.1. 
Target 
nucleus 
Projectile 
y-rays 
Excited Compound Nucleus 
Fig. 1.1. Pictorifd representation of the CN formation and decay. 
On the other hand, the direct reactions occur promptly, on a time scale 
of the same magnitude as the time it takes for the projectile to traverse the 
target nucleus(i.e.,?:^ 10"^^sec). Hence, the CN and direct reaction processes 
may be distinguised on the basis of interaction time required for the comple-
tion of the reaction. The direct reaction may further be classified into two 
categories as knock-out and stripping/pick-up reactions. In CN reaction the 
emission of particles/cluster takes place after the esteblishment of thermo-
dynamic equlilibrium. However, it has been inferred from the results of large 
number of experiments[8, 9, 10] that the emission of particles/clusters may 
also take place even before the establishment of thermodynamic equilibrium 
of the compound system. The particles which are emitted before the equi-
libration of composite system are called pre-equilibrium (PE) particles and 
the process is referred to as PE or pre-compound reaction mechanism. 
Study of nuclear reactions got a big boost with the availability of ad-
vanced accelerators and detectors which opened many possibilities for ex-
ploring new aspects of nuclear behaviour. With the availability of modern 
accelerators it has become possible to accelerate heavy ions (from 2-f^ e parti-
cle, the lightest heavy ion to ^^^f/) at energies varying from few MeV/nucleon 
to many GeV/nucleon. The heavy ion (HI) induced reactions give the pos-
sibility to produce complex systems in high spin excited states which do not 
exist naturally. The accelerator based HI reaction studies started in India 
in late nineties with the establishment of Pelletron accelerator facilities at 
the Nuclear Science Center (NSC), New Delhi and the Tata Institute of Fun-
damental Research(TIFR), Mumbai. The study of heavy ion reactions[ll] 
is quite complicated because both thye projectile and the target are many 
nucleon systems, having large Coulomb barrier(CB) between the interacting 
nuclei. The heavy ion reactions are different from light ion induced reactions 
in many aspects. The angular momentum of Hi's with respect to the center 
of mass is very large and therefore, it is possible to produce nuclei with high 
excitation energy and high spin in comparison to that of in case of light ion 
reactions. Further, the de-Broglie wavelength depends on the mass of the 
projectile as given in equation(l), hence the projectile of large mass shows 
very small de-Broglie wavelength, 
^-i 2mEiab 1/2 (1) 
As such the motion of the incident ion may be treated semiclassically. 
The semi-classical nature of HI reaction makes it possible to give general 
discription of their classical characteristics, particularly their relative motion 
along quite well defined orbits in terms of closest distance between inter-
acting nuclei(rmin), which is related to the impact parameter(5) as given in 
equation(2). 
V -^^  ~ "E^iri 
where, Virmin) is the nuclear potential acting between the interacting 
nuclei and ECM is the center of mass energy. 
A typical classical picture of heavy ion interaction representing different 
processes at different impact parameters is shown in Fig. 1.2. 
Grazing collision 
Distant collision 
Elastic scattering or direct reactions 
Fusion (ICF or CF, 
depends upon LMT) 
Elastic scattering or Coulomb excitation 
Fig.1.2 Classical picture of Heavy Ion Interaction showing distant 
collision, greizing collision, close collision £ind fusion. 
At low energies (i.e., below the CB), the projectile interacts only through 
the Coulomb field at very large impact parameter leading to the distant 
collision. At relatively higher energies the projectile interacts also through 
the nuclear potential. If the impact parameter (energy dependent) is comper-
able to the sum of the radii of interacting partners, grazing collision takes 
place and the projectile can be elastically or inelastically scattered. This may 
lead to one or few nucleon transfer from one nucleus to the other. When the 
projectile interacts with the target nucleus at relatively high energy just 
enough to enter in the nuclear range of the interaction of two nuclei then the 
deep inelastic collision (DIG) dominates. In such a case, the nuclear densities 
rise very rapidly in the surface region, and few nucleons may get transferred 
from one nucleus to the other. If the projectile interacts with the target very 
strongly at still smaller values of impact parameter then it may cause various 
phenomena like (a) Fusion: so that the both interacting parteners completely 
merge into each other leading to the formation of compound nucleus (CN) in 
excited state which may evaporate nucleons, (6) Fusion-Fission: so that after 
CN formation at high excitation energy it undergoes fission into two interme-
diate masses and emitting nucleons. At energies above the Coulomb barrier 
(CB), it is possible to distinguish the ranges of impact parameters (RL) and 
angular momentum {i) which may lead to different type of reactions. This 
is summerised in Table-1.1 
Table-1.1 Ranges of impact parameter and angular momentum 
associated with different types of heavy-ion interactions 
Impact parameter Angular momentum Types of interaction 
(b) (^) 
RL > RNHRI + R2) i>iN Rutherford (Elastic) scattering 
or Coulomb excitation 
RL ~ RN £iv > ^ > £DIC Elastic and inelastic scattering 
Few-nucleon transfer reactions 
RL^RN ioiC >i>iF Deep inelastic scattering 
or close collision 
Rl « RN i<iF Fusion 
Where, RN = R1 + R2 is the sum of radii of interacting partners, RL= impact 
parameter. The various reaction types as a function of angular momentum 
{£) are shown in the Fig. 1.3. 
Angular Momentum {£) 
Fig.1.3 Typical graphical representation of different reaction mech-
anisms as the function of fmgular momentum (£). The sohd line rep-
resents the geometricel partial cross-section. The vertical dashed 
line represent the extension of veirious (£) windows in a sharp cut 
off model. 
When the center of mass energy of the interacting partners is greater 
than the barrier height, they overcome the barrier and may loose some of the 
relative energy leading to the formation of compound nucleus. The partial 
cross-section for such reaction may be given as, 
af(E) = 7rX\2£+l)Te(E) (3) 
where, T (^-E) is the transmission coefficient for the effective potential Veff{r). 
The effective potential ^ / / ( r ) as a function of distance and relative an-
gular momentum may also be given as, 
Veff{r) = Vivir) + Vc{r) + Kent(r) (4) 
Where; Vjv(r) is the strongly attractive nuclear potential, Vc{r) is the repul-
sive Coulomb potential and Vcent{r) is centrifugal potential. 
The plots of the Veff{r) effective potential as a function of relative seper-
ation between interacting ions for the different values of i for the system 
l^O+lfTm are given in Fig.1.4. 
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Fig.1.4. Effective potential for l^O+lfTm as a function of relative 
separation between the interacting partners for different values of 
angular momentum (£). 
As mentioned earlier, in HI reactions at energies from near the Coulomb 
barrier to well above it, different kinds of reaction mechanisms like complete 
fusion (CF) and incomplete fusion (ICF)compete with each other[12, 13]. In 
case of CF, whole mass of the projectile fuses with the target nucleus lead-
ing to the formation of excited composite system. Here, the total kinetic 
energy (TKE) and linear momentum of the projectile are shared by all the 
constituents of the composite system which may decay by emitting nuclear 
particles and/or characteristic gamma rays. A pictorial representation of CF 
process is shown in Fig. 1.5. 
Residual nucleus 
^M + 
Projectile 
^y 
Target Excited Composite 
system 
Residual nucleus 
Fig.1.5 Pictorial representation of complete fusion of PO. 
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In case of ICF, the incident projectile in the presence of nuclear field may 
break-up into fragments, one of the fragments may fuse with the target nu-
cleus and the remaining part traverses along the beam direction with almost 
the same velocity as that of incident ion. Depending on the mass of fused 
fragment partial mometum transfer may take place. Pictorial representation 
of possible ICF channels for the fusion of different fragments of the 1^0 pro-
jectile are shown in Fig.l.6(a-c). 
(a) 
K P I + 
Projectile 
Residual Nucleus 
Target Excited Composite 
system 
Residual Nucleus 
Fig.l,6(a) Pictorial representation of the fusion of 3a particles with 
the target. . 
11 
Ibl 
0 ^^% 
Projectile Target 
^f/sTa'^^H 
Excited 
Composite 
system 
^KsTa'^'^JB 
^^72Hr'^B 
Residuai nucieus 
[c] 
Projectile 
Residual nucleus 
Fig.l.6(b) and (c) Pictorial representation of the fusion of 2a and 
one a particles respectively with the target. 
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Recent experiments[16, 17, 18, 19] at energies ^ CB have indicate that 
Fusion-Fission also plays an important role in HI reactions. The Fusion-
Fission is the process of splitting of the composite system which may be 
formed through various reaction channels like CF or ICF. In fusion-fission re-
actions the composite system performs oscillations in which its shape changes 
from spherical to ellipsoidal and back. When a nucleus deforms, the Coulomb 
energy decreases but at the same time surface energy increases. Therefore, 
the nucleus tends to assume a spherical shape under the influence of surface 
tension. However, for an electrically charged drop, such as a nucleus, the 
Coulomb repulsion is greatest for spherical shape. This repulsion, therefore, 
tries to deform the nucleus, but at the same time the surface tension tries 
to keep it spherical. For a heavy nucleus, the repulsion overwhelms the sur-
face tension and consequently the nucleus becomes more distorted. As the 
sum of Coulomb and surface energy decreases, there are, therefore, no forces 
that can stop such a nucleus from becoming more and more distorted and 
finally it may break-up into two or more fragments[14, 15] passing succes-
sively through the various stages as shown in Fig. 1.7. The time taken in 
the fissioning process is of the order of the time taken for the nucleus to 
re-arrange itself in the preparation to dividing into smaller fragments. The 
fission process may also take place after emitting light nuclear particle/group 
of particles from the excited composite system. 
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Y-rays • . . i _ ^ ^ _ ^ 0 
_ '4 ejectile 
Projectile 
/ 
ellipsoid 
Target capture \ ^ \ 
Dumb-bell , ^ _ _ ^ _ ^ 
\ 
Two pear shaped fragments 
Final fission-fragments o o 
^ 4 
Light emitted particles © © 
Fig. 1.7. Pictorial representation of fusion-fission process passing 
successively through various stages. 
Some recent experimental results[16, 17, 18, 19] have indicated the pres-
ence of nuclear fission even at low energies where the fusion is more likely to 
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be dominant. There are certain aspects that are far from being completely 
understood, as such the study of fission is still an important and open area of 
investigation in nuclear physics. Thus, more and more experimental data is 
required to determine the optimum irradiation conditions for the production 
yield of various radio-isotopes for better understanging of the phenomena of 
fission of heavy systems formed in HI reactions. There are two important 
obserables, e.g., charge and mass distributions which are directly related to 
collective dynamics of fission. An important aspect of investigation is the 
stability of fissioning nucleus to mass-asymmetric deformations. 
With a view to study the reaction mechanism in HI interactions, a pro-
gramme of precise measurement of cross-sections[20, 21, 22, 23] for the pro-
duction of residues due to the complete fusion and incomplete fusion processes 
has been undertaken by our group. In the present work the cross-sections for 
the several residues formed through CF and ICF channels in the interaction 
of ^^0+^^^Tm at 7 MeV/nucleon beam energy have been measured in the 
energy range ^ 70-95 MeV. During the analysis of 7-ray spectra of various 
samples, it was observed that there are large number of peaks which could 
not be assigned to the residues populated via CF or ICF processes. As such, 
in the present work, an attempt has also been made to assign the 7-Unes to 
various residues by analysing the decay curves on the basis of half-lives of 
residues. Interestingly, a large number of 7-hnes were found to be present 
in the spectra which may be emitted from the residues having masses which 
are the characteristic of the fission fragments. In the present work the mea-
surement of cros-section for the production of residues expected to be formed 
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due to fission of the systems formed in the interaction of ^^0+^^^Tm at « 95 
MeV are also reported. The cross-section data of such products are impor-
tant for the production of specific radio-active ion beams and are required 
in the upgrading of accelerators. These cross-sections are also in demand for 
the development of accelerator driven subcritical reactors popularly known 
as energy amplifiers [24]. 
The experiment has been performed at the Nuclear Science Centre (NSC), 
New Delhi, India. The details of experiment and technique employed are 
given in the 2nd chapter of this dissertation. The experimental mesurements 
are described in 3rd chapter. The Ath chapter of this dissertation deals with 
the results and conlusions of the present mesurements. References are given 
at the end of each chapter. 
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ELECTRON' 
Experimental details 
Excitation functions for several reactions in ^^0+^^^Tm have been mea-
sured in the energy range « 70-95 MeV. Further in the present work, reaction 
cross-sections for the production of a large number of fragments produced 
in the fission of composite systems formed via CF & ICF of ^^0+^^'^Tm 
system at ?=i 95MeV beam energy have also been measured using activa-
tion techmque[l]. The experiment has been performed at 15 — UDPelletron 
Accelerator faciUty of Nuclear Science Center(NSC), New Delhi. Brief details 
of pelletron accelerator, activation technique, sample preperation, irradiation 
etc., are given in the following section. 
2.1 Pelletron Accelerator 
A schematic diagram of 15 — UD Pelletron Accelerator at NSC, New 
Delhi is shown in the Fig.2.1.1. It is based on the working principle of Van de-
Graff electrostatic accelerator, capable to accelerate the charged particles or 
ions from hydrogen to uranium except the inert gases in the energy range from 
few tens of MeV to few hundred MeV depending on the type of ion species. 
The pelletron accelerator is installed in a vertical fashion in a stainless steel 
tank, at high pressure {'^IQ atm). The tank is « 26.5 m high and 5.5 m in 
diameter. There is a high voltage terminal in the middle of the tank whose 
potential can hold from 4 to 16MV. 
The high voltage terminal housed in the high pressure tank which is 
filled with SFQ gas of high dielectric constant, to prevent the break down 
of high voltage. The uniform potential gradient required for accelerating 
ions is maintained by equipotential rings through the accelerating tube. The 
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singly charged negative ions from the MC — SNICS (multi cathod-source 
of negative ions by cesium sputtering) ion source are injected by the injector 
magnet into the accelerator tube. This injector magnet not only injects the 
beam into the accelerator but it serves to select required ion beam and fo-
cuses the beam in both axial and radial planes (commonly known as double 
focussing). The focused and anlysed negative ion beam is attracted by the 
positive terminal. Due to the attraction, the negative ion beam gets accel-
erated from the ground potential to the terminal of high positive potential. 
The ions coming from the negative ion source get acceleration and acquire 
additional energy Vt up-to high voltage terminal. The beam is then made to 
pass through a charge stripper (gas or foil) which is accommodated inside the 
high voltage terminal, where the beam looses some electrons and, therefore, 
the ions become positively charged. Since the high voltage terminal is at 
positive potential so the positive ions are repelled and are then accelerated 
below the terminal towards the ground potential. 
If the charge state of the positive ions after passing through the high 
voltage (Vt) terminal is g, then the energy gain in the acceleration below the 
terminal to the ground potential is qVt- Therefore, after passing through the 
two stages of acceleration, the final energy of the ion beam is given by, 
£ = £;o + (g + l)Vt (5) 
where, £'0 is the energy of ions before acceleration, q is the charge state of 
the ions after stripping and Vt is the terminal potential. Since, in most of 
the cases EQ is much smaller than the final energy of the beam, therefore, it 
may be neglected. 
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Fig,2.1.1 A schematic diagram of Pelletron accelerator at NSC. 
The accelerated ion beam is then passed to the analysing magnet and the 
slit. This arrangement makes the beam clean by providing an energy selec-
tion so that one can get particular ion beam of desired energy. The ion beam 
may then be directed towards the desired experimental area by the switching 
magnet. This magnet is the horizontal bending semicircular magnet which 
bends the beam into the various beam lines at different angles. A schematic 
block diagram of different beam lines of 15UD-Pelletron accelerator facility 
at NSC is shown in the Fig.2.1.2. 
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Fig.2.1.2 A schematic diagram of different beam lines at NSC Pel-
letron facility. 
2.2 Activation technique 
During the last few decades, activation analysis[l] has been establised as 
a powerful and sensitive tool for measuring the concentration of constituents 
in a given sample by measuring the charateristic radiations emitted by the 
radio-active nuclides. The unique nuclear properties of each activation prod-
uct provides a specific way for its identification and measurement. Activation 
technique is based on the formation of radio-active nuclides as a result of in-
teraction between two nuclear particles. In this technique a sample may 
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be irradiated in a fixed geometry by placing the target material normal to 
the incident beam. After irradiation, several activities may be produced 
in the samples due to the different reactions taking place as a consequence 
of energetic beam interaction. The mesurement of the cross-sections of the 
produced residues may be performed by following the activities induced in 
the samples after irradiation. The main feature of this technique is that, 
the cross-sections for more than one reaction may be measured in a single 
irradiation thus reducing the beam time requirements. However, this tech-
nique is hmited only for the reaction products having measurable half lives. 
The activation technique has many applications [2] in various fields of nuclear 
research and applied sciences due to its selectivity, sensitivity and simplicity. 
The recent growth of activation analysis is mainly due to the advancement 
in detection techniques and nuclear electronics. Although, the activation 
analysis is quite simple and accurate but some times it becomes complicated 
due to the presence of radiations of slightly different energies from more than 
one reaction products. The contribution of different isotopes may, however, 
be seperated on the basis of half-lives by following the activities for a con-
siderably longer period and then analysing the decay curves. The activation 
analysis requires the precise knowledge of energy levels and the decay schemes 
of the residual nuclei. The proper choice of the target material, projectile 
type, energy of the projectile, time of irradiation and half hfe of the induced 
activities are of considerable importance. 
23 
2.3 Sample preparation 
The target of natural ^^^Tm were prepared by employing vacuum evapo-
ration technique. This technique is commonly used for the thin film target 
preparation. In the above technique, the material to be deposited is heated to 
a high temperature, in an evacuted chamber, and is condensed on a suitable 
substrate. An electron gun is generally used for heating. The thicknesses of 
^^^Tm samples were ^0.6mg/cm?. These samples were deposited on Al-foils 
of thickness (sil.Sm^/cm^). The thickness of the samples were measured 
by employing a-transmission method, which is based on the measurement of 
energy loss of Q-particles while passing through the sample. The a-particles 
of energy 5.485 MeV from ^^Mm source were used for these measurements. 
During irradiation by HI beam the Al-backing served as catcher foil, so that 
the recoiling residues produced due to nuclear reactions including complete 
fusion, incomplete fusion and fission may be trapped in the catcher thick-
ness. The samples were cut in to the size of 1.2xl.2cTn^ and were pasted on 
Al-holders having concentric hole of 1.0 cm diameter. The Al-holders were 
used for rapid dissipation of heat produced during irradiation. 
2.4 Irradiation 
The irradiation has been performed in the General Purpose Scattering 
Chamber(GPS'C) of 1.5m diameter having in vacuume transfer facility at 
the NSC, New Delhi. The advantage of in-vacuum transfer facihty is that 
the delay time between the stop of irradiation and the begining of counting 
may be minimised. A stack of five samples with target material facing the 
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beam was placed normal to the beam direction so that the recoiling nuclei 
may be trapped in the thickness of Al-catcher foil. In the present work, a 
stack of samples of '^^^Tm was irradiated by « 95MeV oxygen (^^O) beam 
of +7 charge state. Keeping in view the half-lives of interest, the irradiation 
was carried out for ^8hrs duration with a beam current ^30nA. The total 
charge collected in the Faraday cup has been used to calculate the flux of 
beam. A typical arrangement of target catcher assembly used for irradiation 
in the present experiment is shown in Fig.2.4.1. 
Faraday cup 
Incident Beam 
Fig.2.4.1 Typical arrangement for irradiation of stack. 
2.5 Calibration and efficiency determination 
of 7-ray spectrometer 
A detector of high resolution and proper calibration is the essential tool 
to identify the characteristic 7-rays of radio-active residues. In the present 
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experiment, the induced activities in the irradiated samples were analysed 
by using High Purity Germanium (HPGe) Detector of 100c.c. active vol-
ume coupled to a PC through CAMAC based FREEDOM software[3]. The 
resolution of the detector was «2keV for 1.33MeV 7-ray of ^^Co source. A 
typical block diagram of 7-ray spectrometer set-up used is given in Fig.2.5.1. 
Sample Pre-amp i Amplifier 
1 ^ ^ ^ • - - - ^ ^^ B ^ 
HPGe Detector 
ADC 
PC based MCA 
Fig.2.5.1 A typical block diagram of 7-ray spectrometer setup used 
for the calibration and 7-ray spectrometry. 
The detector was pre-calibrated by using standard 7-ray sources(i.e., 
^^Na, ^^Mn, ^^Co, ^°Co, ^^^Ba, ^^''Cs and ^^"^Eu) of known strengths. The 
geometry dependent efficiency(Gg) of HPGe detector at a given energy was 
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calculated by using the expression, 
a = 
No 
A^„o^e(-^0 (6) 
Where, NQ is the observed disintegration rate of the standard 7-ray source 
at the time of measurement, Nao is the disintegration rate at the time of man-
ufacture, A is the deacy constant, t is the lapse time between the manufacture 
of the source and the start of the counting and 6 is the braching ratio of the 
characteristic 7-rays. 
The prominent 7-rays[4] of ^'^Na, ^^Mn, ^^Co, ^^Co, ^^^Ba, ^^^Cs and 
^^'^Eu sources used for the calibration and efficiency determination in the 
present measurements are given in Table-2.5.1 
Table 2.5.1 The energies and absolute intensities of prominent 
7-rays from standard sources 
S.No. Source 7-ray energy (keV) Absolute Intensity (%) 
1. ^^Na 1274.53 99.93 
2. ^^Mn 834.82 99.97 
3. '''Co 122.06 85.50 
136.47 10.69 
4. ^^Co 1173.23 99.90 
1332.50 99.98 
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S.No. Source 7-ray energy (keV) Absolute Intensity (%) 
5. i33Ba 308.24 10.10 
423.40 8.20 
632.42 9.00 
691.08 6.50 
6. '^'Cs 661.66 85.21 
7. ''^Eu 121.78 28.40 
244.69 7.51 
344.29 26.60 
443.89 2.80 
778.92 12.98 
964.11 14.50 
1112.08 13.60 
1299.16 1.63 
1408.00 20.80 
In the present work, the standard 7-sources and irradiated sample foils 
were counted in the same geometry. The distance between source and de-
tector for different irradiated samples were kept different depending on the 
intensity of the induced activity. Care was taken to keep the dead time of the 
detector less than 10% by suitably adjusting the source-detector separation. 
The geometry dependent efficiency curves for the 7-rays of different energies 
at 2cm and 3cm source-detector separations are plotted by using the ORI-
GIN graphics software and are shown in Fig.2.5.2. 
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Fig.2.5.2 Typical geometry dependent efficiency curves for 2 cm 
and 3 cm source-detector distance as a function of 7-ray energy. 
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The experimental geometry dependent efficiency data is found to be best 
fitted with a polynomial of degree 5, having the following form, 
Ge = ao + a^X + osX^ + a^X^ + a^X^ + a^X^ (7) 
where; OQ, ai, 02, 03, 04 and 05 are the coefficients having different values for 
different source-detector distance and X is the characteristic 7-ray energy. 
2.6 Experimental uncertainties 
Errors are the part of every experiment. Some of the factors likely to 
introduce errors in the present measurements are given here. 
1. Non-uniform thickness of the target material and an inaccurate esti-
mate of foil thikness may lead to the uncertainty in the determination 
of the number of target nuclei. To check the uniformity of the sam-
ple, thickness of the samples was measured at different positions by a-
transmission method. It is estimated from this analysis that the error 
in the thickness of the sample material is expected to be less than 1%. 
2. Fluctuations in the beam current may result in the variation of incident 
flux. Proper care was taken to keep beam current constant and any 
accidental stop of beam or appreciable fluctuation of the beam intensity 
was recorded and taken care of, at the time of calculating the total time 
of irradiation and average beam current. 
3. In determining the count rate, the dead time may introduce some er-
rors. In the presnt work, dead time was kept less than 10% by suitably 
adjusting sample-detector distance. 
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4. Uncertainty in the fitting of the efficiency curve (less than 3%) and 
sohd angle effect (less than 2%) may lead to inaccuracy in the mea-
surement of detector efficiency[5]. The measured efficiency may be 
inaccurate on account of the statistical errors of counting of the stan-
dard source. These were minimised by accumulating the data for a 
longer time (ss3000 sec). The error in efficiency determination due to 
the statistical fluctuations in counts is estimated to be less than 2%. 
5. Error in the incident beam energy has been determined by calculating 
the energy spread in half thickness of the sample with the help of 
Stopping Power Tables of Northcliffe and Schilhng[6]. 
6. The losses of product nuclei recoiling out of the target may introduce 
large errors in the measured cross-sections. The thickness of the catcher 
foil was sufficient to stop even the most energetic residue, however, in 
the present measurements both the sample and the catcher foil were 
counted together and hence the loss due to the recoiling of nuclei is 
avoided. 
These errors exclude the uncertainty of the nuclear data like branch-
ing ratio, deacay constant etc., which have been taken from the Table of 
Isotopes[4]. 
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EUECnUN 
(D Measurements 
A nuclear reaction is initiated when an energetic projectile interacts with 
a target nucleus. A change in the composition and or energy of the target 
nucleus takes place, as a result different reaction products may be produced. 
Reaction cross-section is a measure of the probability of occurrence of a par-
ticular nuclear reaction. Experimentally, the nuclear reaction cross-section 
may be defined as the number of events of a given type X{a,b)Y per unit 
area per unit target nucleus per unit time and is usually denoted by a. The 
cross-section is expressed in units of barn which is equal to 10~^^cm^. Math-
ematically, the reaction cross-section may be represented as[l]. 
Number of events of a given type X{a, b)Y/area 
(Jr = iVo(/)t (8) 
Where, A^o is the number of nuclei in the target, (/) is the flux of incident 
beam and t is the time of bombardment. In order to determine the cross-
section of a particular reaction, the quantities given in the denominator of 
the above equation are known and the quantities in the numerator i.e., the 
number of events of a given type X(a, 6)y are required to be measured. The 
number of events of a given type may be obtained from (a)On-line measure-
ments, by recording the outgoing particles directly using particle telescopes 
accomodated in the irradiation chamber or (6)0ff-line measurements, by fol-
lowing the activities induced in the irradiated samples, in case the radio-
active residues are of measurable half-lives. The on-line measurements are 
quite complicated due to the large background in general. In the present 
work off-line 7-spectroscopy has been used for the measurement of reaction 
cross-sections. 
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3.1 Formulation 
Irradiation of a sample by a particle beam may initiate various reactions 
in it and many isotopes are formed by the process of transmutation. The 
rate of formation (N) of a particular activation product may be given by the 
following expression, 
A^  = Nocpar (9) 
where; 0 is the flux of incident beam, A'o is the initial number of nuclei in the 
target/sample and ar is the reaction cross-section for that particular channel. 
The disintegration rate of the induced activity in a sample after a time t 
from the stop of irradiation may be given as, 
_dt \^ exp{Xt) ^ ' 
where; ti is the time of irradiation and A is the decay constant of the induced 
activity given as, 
, ln2 , , 
A = 7 - (11) 
t l /2 
The factor [1 — exp(—Ati)] is called the saturation correction. It should 
also be considerd that some radionuclei produce may also decay during the 
irradiation time, therefore, the number of decays of the induced activity in a 
very small time dt may be given as, 
' ^ ^ - ^ ' ^ ^ ^ ^ ' ^ ( - ) 
If activity induced in the irradiated sample is recorded for time duration ts 
after a lapse time ^2, then the number of nuclei decayed in time between 2^ 
34 
to (^2+^3) may be given as, 
^ _^  j^A'^ - exp{-\ti)][l - exp{-\h)] 
\exp{Xt2) ^ ' 
If the activity induced in the sample is recorded by a 7-ray spectrometer of 
efficiency G^, then, absolute count rate C and observed counting rate may 
be related as, 
Where, 0 is the branching ratio of the characteristic 7-ray and K=^[\ — exp{—^d)]/fid 
is the self absorption correction factor for the material of the sample of thick-
ness d {gm/crm?) and of absorption coefficient ji {cm?/gm). Thus, a^ can be 
written as [2], 
^ A\exp{Xt2)  
'^ ^ Noe(j)GEK[l~exp{-Xh)][l-exp{-Xh)] ^ ' 
Also, the count rate at the time of stop of irradiation Ct=o can be given as, 
AXexp{Xt2) 
^ - ° - [1 - exp{~XU)] (^'^ 
The reaction cross-section a^ may be written with the help of above equations 
as [3], 
"^ ^ ~ Noe(f)GEK[l - exp(-Ati)] ^ ^ 
A FORTRAN program EXP-SIGMA based on the above formulation has 
been used for the determination of the reaction cross-sections of the popu-
lated reaction channels. 
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3.2 Identification of reaction residues 
In HI reaction, residue may be formed due to CF and ICF processes. 
These residues may also under go fission. Hence the ultimate residues are 
hkely to decay to the ground state by emitting characteristic 7-rays. In 
order to determine the production cross-section of these residues, first of 
all it is desirable to identify them. As discussed earlier the residual nuclei 
may be identified by their characteristic 7-rays after the irradiation of the 
sample is over. This is a very specific way for the identification of reaction 
residues because each radio-active isotope has a unique decay mode. Thus, 
the observed intensity of induced activity is a measure of the production 
cross-section of that particular reaction residue. In order to identify various 
residues the preliminary analysis was performed by identifying the 7-rays 
of the residues. However, since there were several residues which may emit 
7-ray of nearly same energies, thus simple energy identification may not be 
enough. 
As a typical example the 7-ray spectrum of ^^0+^^^Tm bombarded at ^ 
95 MeV is shown in Figs.3.2.1(a) & (b). As can be seen from these figures 
different peaks in the spectrum may be assigned to residues produced via dif-
ferent channels. The 7-rays spectra of the irradiated samples were recorded 
at increasing times. The intensity of the photo-peaks were plotted as a func-
tion of time to get the half-lives of the residues. Thus, in the present work 
the residues were identified not only by their characteristic 7-rays but also 
by their measured half-lives. 
36 
10000 
100 
400 600 800 1000 
Channel Number 
1200 1400 
10000 
(A 
4-* 
c 
3 
O 
o 
1000 -
100 
1200 1400 1600 1800 2000 2200 2400 2600 2800 
Channel Number 
Fig.3.2.1(a). Typical 7-ray spectrum of ^^0+^^^Tm bombarded at 
^95 MeV beam energy. 
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Fig.3.2.1(b). Typical 7-ray spectrum of ^^0+^^^Tm bombarded at 
« 95 MeV beam energy. 
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In the cases, where the residues emit 7-rays of nearly same energy but 
have different half-hves, residues were identified on the basis of half-lives 
obtained from the analysis of the deacy curves of composite activity. As 
a typical example the observed decay curves of several residues are given in 
Figs.3.2.2 to 3.2.5. The contribution of each isotope in the composite activity 
was separated by using the deacy curves and following the activities for a 
long period. The nuclear data of radio-nuclides which have been used in the 
analysis are taken from the Table of Isotopes[4] and Nuclear Wallet Card[5]. 
3.3 Assignment of reaction channels to residues 
In the present work an attempt has been made to analyse the 7-ray spec-
trum and assign the peaks to different reaction channels. Lists of identified 
residues, reaction channels, half-lives of residues, their 7-ray energies and 
branching ratios are given in Tables-3.3.1 to 3.3.3. 
Table 3.3.1 Residues which are expected to be formed via 
complete fusion(CF) 
Residue Reaction half-hfe 7-ray energy(keV) branching ratio(%) 
181j^ 
^^^Tm{0,4n) 5 m 123.5 28 
182j^ 
^^^Tm{0,3n) 15 m 273.0 43 
1810s ^^^TmiO.pZn) 105 m 144.9 1.4 
'''Os ^^^Tm{0,p5n) 6.5 m 759.6 68 
''^Lu ^^^Tm(0,6pn) 23.1 m 213.4 81.3 
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Fig.3.2.2 Typical decay curves of several residues. 
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Fig.3.2.3 Typical decay curves of several residues. 
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Table 3.3.2 Residues which are expected to be formed via both 
complete fusion (CF) as well as incomplete fusion (ICF). 
Residue Reaction half-life 7-ray energy(keV) branching ratio(%) 
''^Re i69Tm(0,a3n) 13 m 237.7 45 
1 7 7 ^ ^^^Tm{0, ap3n) 132.6 m 115.0 59 
''^Ta ^^^Tm{0, a2pn) 147 m 325.5 94.1 
177Hf ^^^Tm{0, a3pn) 51.4 m 638.1 20.0 
Table 3.3.3 A list of residues likely to be produced by fission, their 
half-lives, chEiracteristic 7-ray energy and their branching ratio. 
S. No. Residue half-life 7-ray energy (keV) branching ratio(%) 
1. '^As 1.51 h 828.0 8.6 
2. '^'La 59.0 m 453.7 6.4 
3. '"''In 32.4 m 204.9 48 
4. ''Ge 2.26 h 108.8 10.5 
5. s&Nb 14.3 m 399.6 31 
6. 95y 10.3 m 954.1 19 
7. 835e 22.3 m 225.2 31.9 
8. 134m(0^ 2.9 h 127.4 12.7 
9. U3mg^ 40.0 m 160.3 85.6 
10. i°5Ag 7.2 m 319.2 0.9 
11. i23Xe 2.08 h 330.1 8.6 
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S, No. Residue half-life 7-ray energy (keV) branching ratio(%) 
12. lo^^n 18.0 m 331.0 9.7 
13. '''Ag 11.1 m 667.3 9.7 
14. '^As 9.0 m 432.0 1.50 
15. 105/n 5.0 m 131.4 100 
16. '''^'Rh 6.0 m 433.9 43 
17. ^''Ru 1.64 h 806.4 4.09 
18. '''Br 1.62 h 427.8 4.5 
19. 92y 3.54 h 448.5 2.34 
20. 1057^^ 7.7 m 107.9 9.6 
21. 9 8 m ^ ^ 51.3 m 787.3 93 
22. 8 7 ^ ^ 1.27 h 402.6 49.6 
23. 9 2 5 ^ 2.71 h 953.4 3.6 
24. 1017.^ 14.0 m 127.2 2.86 
25. 78Ge 1.4 h 293.9 4 
26. 137pj , 1.28 h 160.4 0.97 
27. ^°5i?« 4.4 h 316.4 11 
28. 104j.^ 18.0 m 358.0 79 
29. 115a^^ 20.0 m 131.4 2.9 
30. ^Ms 52.6 m 668.1 21.2 
31. i275ri 2.1 h 805.8 8.2 
32. lOSmj^ 58.0 m 242.7 38 
33. ^^Rh 9.6 m 932.7 100 
34. e^ iVz 2.51 h 1115.0 14.8 
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3.5 Measured production cross-sections 
As disscused earlier the intensity of characteristic 7-rays have been used 
to measure the production cross-section of different residues. Measured cross-
section of five different residues populated via CF channel at different incident 
energies are presented in Table-3.5.1. Similarly, in Table-3.5.2., are presented 
the measured cross-sections for four residues which are expected to be formed 
via CF as well as ICF. The first column in these tables lists the incident 
beam energy on different sample of the stack. In Table-3.5.3., the measured 
production cross-sections for a large number residues expected to be formed 
via fission of excited nuclei produced through different channels at « 95 MeV 
beam energy, are given. 
Table 3.5.1 Measured cross-sections for the residues formed via 
complete fusion(CF) 
Lab. Energy 181 j ^ '^'Os ''^Os 182 j ^ ''^Lu 
(MeV) (mb) (mb) (mb) (mb) (mb) 
71.7±1.0 5.6±1.0 9.3±1.2 38.9±2.6 - 48.0±3.2 
78.7±0.9 12.5±2.3 73.1±2.4 93.0±3.8 26.4±6.4 197.3±9.1 
82.0±0.8 29.3±1.7 146.2±6.1 129.3±10.0 77.3±1.7 358.0±28.0 
88.9±1.0 46.3±3.2 263.2±9.5 74.2±6.3 29.2±3.2 279.0±3.7 
94.6±0.4 32.5±2.6 167.3±11.2 46.1±2.6 12.6±1.2 233.2±12.6 
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Table 3.5.2 Measured cross-sections for the residues formed via 
both CF as well as ICF. 
Lab. Energy '''^Re i-riw ''^Ta 177Hf 
(MeV) (mb) (mb) (mb) (mb) 
71.7±1.0 - 9.7±2.5 9.3±1.3 12.5±0.78 
78.7±0.9 8.2±2.2 17.5±1.8 36.0±1.2 28.4±2.6 
82.0±0.8 19.2±3.6 41.3±5.3 87.1±6.7 67.8±7.3 
88.9±1.0 31.6±1.3 73.2±6.2 143.7±3.4 127.9±9.1 
94.6±0.4 39.6±4.3 96.4±3.5 194.2±6.9 163.0±5.3 
Table 3.5.3 Measured production cross-sections for fission 
residues at ?a95 MeV ^^O beam. 
S. No. Residues cross-sections (mb) S. No. Residues cross-section (mb) 
1. '^As 550.63±11.21 9. mmg^ 6.33±0.97 
2. '^^La 27.26±3.24 10. mj^g 146.48±6.89 
3. '°'ln 9.46±1.65 11. 123^6 2.88±0.21 
4. ''Ge 3.45±0.69 12. '°^Sn 29.48±2.58 
5. ^^Nb 26.01±3.78 13. lOMp 79.64±3.44 
6. 95y 58.11±3.46 14. ^Ms 375.40±12.99 
7. ''Se 11.73±2.19 15. 105j„ 4.68±1.07 
8. 134-Cs 6.10±1.02 16. los^i^/i 20.19±1.57 
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S. No. Residues cross-sections(inb) S. No. Residues cross-section(mb) 
17. ^'Ru 383.21±5.61 18. 75 5 ^ 131.83±9.37 
19. 9 2 y 30.90±3.46 20. 105j.^ 276.22±6.86 
21. 9 8 m ^ ^ 13.39±1.41 22. ^'Kr 1.82±0.13 
23. '^Sr 128.71±4.62 24. 101^^ 74.25±7.24 
25. '^Ge 33.21±4.19 26. 137p^ 103.50±7.13 
27. '^'Ru 36.69±2.17 28. 104 j . ^ 7.88±1.31 
29. U5a^g 548.83±19.87 30. ™As 33.75±1.34 
31. '^''Sn 175.20±9.16 32. 108mj^ 60.47±1.88 
33. ^""Rh 25.52±1.59 34. ^^Ni 22.82±3.28 
The residues formed through complete fusion (CF) and/or incomplete 
fusion (ICF) channels are discussed separately and the variations of cross-
section as a function of projectile energy are also shown in the next chapter. 
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ELECraON' 
©Results and discussion 
In the present work the excitation functions(EFs) for the production of 
several residues have been measured in the energy range ^ 70-95 MeV. The 
residues which have been identified are expected to be formed due to several 
reaction channels[1, 2, 3]. Some of the possible and dominant channels may 
be, the residues which are produced via CF of projectile ^^O, with the target 
nucleus ^^^Tm leading to the formation of excited composite system followed 
by particle emission. Some of the residues produced through complete fu-
sion(CF) for which cross-sections are measured in the present work are ^^^/r, 
182/r, 1810s, 1^ 9(95 and ''^Lu. 
The details of individual reaction channels are given below, 
4.1 Complete Fusion Channels 
1. i6^rm(i^O,3n) channel [residue = ^^^Ir, ti/2 = 15.0 m, J"" = (5)+] 
The evaporation residue i^^/r is expected to be formed via complete 
fusion of 1^0 with i^^Tm followed by the evaporation of three neutrons 
from the excited composite system i^^/r. The EFs for this reaction is 
given in Fig.4.1.1 (a). From this figure, it can be observed that the cross-
section increases with the increase in energy and attains a maximum, 
after which the cross-section falls off with the increase in the energy as 
the other channels open-up. 
2. ^^^Tm{^^0,An) channel [residue = i^i/r, ti/2 = 5.0 m, J'^ = (5/2)-] 
The evaporation residue i^i/r is expected to be formed via complete 
fusion of 1^0 with i^^Tm followed by the evaporation of four neutrons 
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from the excited composite system ^^^Ir. The variation of cross-sections 
with energy for this channel is shown in Fig.4.1.1(b). 
3. ^^^Tm{^^0,p3n) channel [residue = ^^^Os, ti/2 = 105 m, J'^ = (1/2)-] 
The evaporation residue ^^^Os is expected to be formed via complete 
fusion of ^^O with ^^'^Tm followed by the evaporation of a proton and 
three neutrons from the excited composite system ^^^/r. The residual 
nucleus ^^^Os may also be populated by the /?+ decay of its higher 
charge isobar precursor ^^^Ir formed via the reaction ^^^Tm(0,4n). 
Thus the measured activity of ^^^Os will have contribution from both 
the independent production as well as from precursor decay. The mea-
sured EFs for this reaction is shown in Fig.4.1.2(a). 
4. i^9Tm(i'^0,p5n) channel [residue = ^'^^Os, ti/2 = 6.5 m, J"" = (1/2)-] 
The evaporation residue ^^^Os is expected to be formed via complete fu-
sion of ^^O with ^^^Tm followed by the evaporation of a proton and five 
neutrons from the excited composite system ^^^Ir. The same residual 
nucleus may also be populated by the P'^ decay of its higher charge iso-
bar precursor ^^^/r formed via the reaction ^^^Tm(0,6n). The experi-
mentally measured EFs for the above channel is given in Fig.4.1.2(b). 
5. ^^^Tm{^^0,6pn) channel [residue = ^^^Lu, ti/2 = 23.1 m, r ={l+) ] 
The evaporation residue ^'^^Lu is expected to be formed via complete 
fusion of ^^O with ^^^Tm followed by the evaporation of six protons 
and a neutron from the excited composite system ^^^Ir. The EFs for 
this channel is given in Fig.4.1.3. 
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Similarly, it is also possible that the composite system is formed due to 
the ICF, if it is assumed that the projectile ^^O breaks up into a and ^^C 
fragments in the presence of field of target nucleus and one of the fragments 
(^^C) fuses with the target nucleus, and unfused fragment (a-particle) moves 
in the forward direction with the same velocity as that of incident ion. This 
incomplete fusion (fusion of ^^C only with the target nucleus) may result 
into the formation of various residues by emission of different nuclear parti-
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cles. Some of the identified residues produced via ICF reaction channels are 
^"^^Re, ^'^'^W, ^'^^Ta and ^"^"^Hf. As such, the measured cross-sections for these 
residues may have contribution from both the CF as well as ICF channels. 
The details of individual reaction channels are given below, 
4.2 Incomplete Fusion Channels 
1. '^^TmC^0,a3n) channel [residue = ^^^Re, tyi = 13.0 m, J"" = (3)+] 
The residue ^^^Re may be formed by the complete fusion of ^^O with 
^^^Tm followed by the evaporation of an a-particle and three neutrons 
from excited composite system ^^^Ir. The same residue may also be 
formed via incomplete fusion of ^^C fragment (if it is assumed that ^^0 
undergoes breakup in to a and ^^C fragments) followed by emission of 
three neutrons from excited composite system ^^^Re and unfused frag-
ment a-particle moves forward as a spectator as shown in Fig.4.2.1. 
Fig.4.2.1 Pictorial representation of the production of ^'^^Re 
via CF as well as ICF channels. 
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Thus, the measured activity of ^"^^Re will have contributions from both 
the CF as well as ICF channels. In Fig.4.2.2 the EFs for the reaction 
^^^Tm(0, a2,nf'^^Re is shown. 
2. i^9Tm(i^0, ap3n) channel [residue = ^'^'^W, ti/2 = 132.6 m, J^ = 
(1/2)-] 
The evaporation residue ^'^'^W is expected to be formed via complete 
fusion of ^^O with ^^^Tm followed by evaporation of an a-particle, 
a proton and three neutrons from the excited composite system ^^^Ir 
and also via incomplete fusion of ^^C fragment followed by emission of a 
proton and three neutrons from the excited composite system ^^^Re and 
unfused fragment a-particle moves in forward direction as a spectator. 
The EFs for the production of ^'^'^W is shown in Fig.4.2.3(a), which will 
have contribution from both Cf as well as ICF. 
3. ^^^Tm(^^0, a2pn) channel [residue = ^"^^Ta, ti/2 = 147.0 m, J"" = (7)-] 
The evaporation residue ^"^^Ta may be formed via complete fusion of 
^^O with ^^^Tm followed by evaporation of an Q-particle, two protons 
and a neutron from the excited composite system '^^^Ir and also via 
incomplete fusion of ^^C fragment followed by emission of two protons 
and a neutron from the excited composite system ^^^Re. The experi-
mentally measured EFs for this reaction is shown in Fig.4.2.3(b). 
4. i69Tm(i60,a3pn) channel [residue = ^^^Hf, 1^2 = 51.4 m, ^ = 
(7/2)-] 
The evaporation residue ^^^Hf may be formed via complete fusion of 
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^^O with ^^^Tm followed by evaporation of an a-particle, three protons 
and a neutron from the excited composite system ^^^Ir. The same 
residue ^'^'^Hf may also be populated via incomplete fusion of ^^C frag-
ment with target nucleus ^^^Tm followed by emission of two protons 
and a neutron from the excited composite system ^^^Re. The mea-
sured EFs having the contribution from both CF and TCP channels, 
The variation of cross-section with energy for this reaction is shown in 
Fig.4.2.4. 
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Further, it is also possible that the composite system formed via CF or 
ICF may also decay by the process of fission provided sufficient excitation 
energy is available[6, 7]. As aheady discussed, cross-sections for a large 
number of fission-fragments (A = 65 to 137) have also been measured at '^ 
95 MeV beam energy and are already given in the Table-3.5.3. A list of these 
fission residues is given in Table-4.1, for ready reference. 
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Table-4.1 List of identified fission residues 
S. No. Residues S. No. Residues S. No. Residues 
1. '''As 13. '°'Ag 25. '^Ge 
2. '^'La 14. ''As 26. 137p^ 
3. ^"^'In 15. '"""•In 27. 105 i?W 
4. ''Ge 16. ^''^'Rh 28. 104^^^ 
5. ^^Nb 17. ''Ru 29. llbaj^g 
6. 9 5 y 18. '^Br 30. '"'As 
7. «35e 19. 9 2 y 31. '^'Sn 
8. 134m^5 20. lo^Tc 32. lOSmj^ 
9. I23mg^ 21. 98m JY^ 33. ''Rh 
10. 1°5A5 22. ^'Kr 34. ^^Ni 
11. i 2 3 X e 23. '^Sr 
12. i 0 9 5 n 24. IQlrp^ 
These production cross-sections for these fission residues are also plotted 
as a function of atomic number, atomic mass number, neutron number & 
{N - Z)/A, and are shown in Figs.4.1-4.2. 
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In the present study, as can be seen from Figs.4.1-4.2, The mass distribu-
tion has been found to be symmetric as expected [7] at presently studied en-
ergy i.e., E* « 63 MeV. Production cross-sections for some of the fragments 
are substantialy higher than expected at this energy. One of the possible 
reasons for the higher fission cross-section values may be the fact that the 
fragments which are observed in this case are populated from various decay 
chains and hence may have cumulative sum of cross-sections for these frag-
ments. It may, however be mentioned that in the present work the fission 
fragments which recoil in the backward direction are lost and no correction 
for this could be applied. However, if catcher foils are put in both of the 
sides of the target, then both the fragments of a particular fission event in 
forward and backward directions may be trapped. If activities of backward 
and forward catcher foils are measured then symmetric mass distribution 
is expected. In the present work, mass and charge distributions have been 
studied in the fission of the neutron deficient compoud nucleus ^^^/r formed 
in ^^0+^^^Tm system at « 95 MeV. In order to study isotopic yield distri-
bution of the fission fragments, the cross-section for different isotopes of As 
and Ag are plotted in the Fig.4.3. It may, however, be pointed out that the 
activities measured in forward catcher foil only were used for these isotopic 
yield distributions. 
It may be noted that from the present analysis, it is not possible to seper-
ate the contributions of CF and ICF channels. It is therefore, proposed to 
measure the recoil range distribution (RRD) of residues[4, 5] to obtain the 
CF and ICF contributions. 
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In the present analysis it has been observed that residues are produced 
not only via CF and ICF channels but fission of residues produced via these 
channels are also important at these energies. As such, while predicting the 
total cross-section at medium energies, fission contribution should also be 
taken into consideration. It is proposed to carry out detailed measurements of 
fission cross-sections for several target-projectile combinations to have better 
understanding of the reaction processes in HI interaction. 
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